Purpose: The purpose of this study was to evaluate a novel online education and coaching program to promote self-care among patients with heart failure. In this program, education and coaching content is automatically tailored to the knowledge and behavior of the patient. Patients and methods: The evaluation of the program took place within the scope of the HeartCycle study. This multi-center, observational study examined the ability of a third generation telehealth system to enhance the management of patients recently (,60 days) admitted to the hospital for worsening heart failure or outpatients with persistent New York Heart Association (NYHA) Functional Classification III/IV symptoms. Self-reported self-care behavior was assessed at baseline and study-end by means of the 9-item European Heart Failure Self-care Behavior scale. Adherence to daily weighing, blood pressure monitoring, and reporting of symptoms was determined by analyzing the system's database. Results: Of 123 patients enrolled, the mean age was 66±12 years, 66% were in NYHA III and 79% were men. Self-reported self-care behavior scores (n=101) improved during the study for daily weighing, low-salt diet, physical activity (P,0.001), and fluid restriction (P,0.05). Average adherence (n=120) to measuring weight was 90%±16%, to measuring blood pressure was 89%±17% and to symptom reporting was 66%±32%. Conclusion: Self-reported self-care behavior scores improved significantly during the period of observation, and the objective evidence of adherence to daily weight and blood pressure measurements was high and remained stable over time. However, adherence to daily reporting of symptoms was lower and declined in the long-term.
Introduction
Heart failure (HF) is highly prevalent and linked to increased incidence of hospital readmissions, poor quality of life, and mortality. 1 Management of HF is challenging and resource intensive. Encouraging patients and their caregivers to play a more active role in the management of the condition may be a cost-effective solution. 2 There is growing support for the concept and value of key self-care behaviors in HF, namely taking medication as prescribed, engaging in physical activity and exercise, monitoring signs and symptoms, and, where appropriate, following a low-salt diet and restricting fluid intake. 1 Effective self-care is associated with lower readmission and mortality rates. 3 It follows therefore that the promotion of self-care behaviors should benefit patients and health care systems alike.
To promote active participation in self-care management, patients and their caregivers should be provided with education on HF and ways to manage their condition themselves. 4 Education can be delivered in several settings: during the hospital stay, in outpatient clinics, in primary care, or at home. Usually, this is carried out in face-to-face submit your manuscript | www.dovepress.com
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stut et al sessions by health care professionals supported by leaflets or digital resources (eg, CD-ROM, 5 websites, 6 telehealth systems, 7 and tablet computers 8 ). Nevertheless adherence to self-care behaviors in HF is low. 9, 10 There are several factors that may account for this. First, despite current guidelines, hospital/service provision of training and staff for HF education is insufficient to meet demands. [11] [12] [13] Second, many patients with HF may have impaired cognitive function. 1, 14, 15 This makes learning new self-care skills problematic. 16 Third, some patients with HF are clinically depressed or experience depressive symptoms 17 that can undermine their motivation and ability to adopt new self-care routines. 1 Fourth, knowledge itself may not provide enough impetus and support to negotiate the considerable challenges of initiating and maintaining health behavior change. 18, 19 The aim of the HeartCycle project funded by the European Commission Seventh Framework program was to examine how telehealth systems can be employed to increase adherence to self-care behaviors in HF. The first stage of the HeartCycle project surveyed the provision of support for selfcare among patients with HF. This revealed that, although education is often provided, there is little follow-up to support implementation of self-care skills. The main thrust of telehealth systems has been the monitoring of vital signs rather than patient motivation. Although some systems provided education, 20 no system incorporated a coaching program to support behavior change actively. Counseling of patients via telephone increases adherence but is time-consuming and may not be cost effective. [21] [22] [23] With the aim of producing a less resource intensive approach, the HeartCycle project developed an innovative automated education and coaching (E&C) program integrated within a telehealth system. The rationale behind the program was to tailor the provision of information to the needs of the patient and offer an interactive coaching program to support them in the choice, adoption and maintenance of self-care behavior, and freeing the health care professional to deal with more complex issues arising from HF.
In this paper, we report the results of the component dealing with adherence to self-care behaviors and symptom reporting among HF patients using the HeartCycle E&C program in a multi-center observational study.
Patients and methods
Program summary
A detailed description of the E&C program has been published previously. 24 Briefly, based on the 2008 guidelines for the diagnosis and treatment of HF from the European Society of Cardiology, 25 we chose to offer education and coaching for daily monitoring of signs, physical activity, fluid restriction, low-salt diet, and medication intake. Other topics were addressed by education only (eg, alcohol consumption) or were left out of the program (eg, sexual activity and prognosis).
The program was offered to the patients via the Motiva Telehealth System (Philips, Böblingen, Germany). This system enables patients to measure vital signs (weight, blood pressure, heart rate), to answer symptoms questions, and to view trend-charts of vital signs and educational videos on their TV. Via a secure Internet connection, data are made available to the HF nurses, who assisted by decision support software, may adapt the care plan or call the patient.
The program's behavior change model was based on the Heart Manual, a well-established, face-to-face, homebased cardiac rehabilitation approach. 26, 27 In this model, education and coaching are tailored to the knowledge and behavior of the individual patient. Coaching is offered for the self-care behaviors the patient is not engaged in, and education is provided when the patient has little knowledge of these behaviors. Coaching starts with assessing the patient's readiness for change by letting the patient express how important self-care behaviors are, and how confident he or she is to engage in these behaviors. Patients are then guided through a goal-setting process that they conduct at their own pace through the support of the system. To raise commitment, patients set their own goals and make their own action plans. They report their progress in an electronic diary, allowing the system to provide appropriate weekly feedback. Only when patients repeatedly fail in adopting self-care behaviors do HF nurses intervene to offer help.
Coaching for daily monitoring of signs and symptoms was further tailored to the characteristics of these self-care behaviors. In particular, assessing the patient's readiness for change was deemed not necessary since, based on previous experience with the Motiva system, adoption of these daily tasks was expected to be relatively easy. Furthermore, the goals of these behaviors were predefined: the patients were asked to measure weight and blood pressure and to answer a short questionnaire on breathlessness and edema every day. Finally, the patients did not need to self-report their progress on these behaviors in an electronic diary, since signs and symptoms data were stored automatically in the telehealth system. 
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The E&C program was evaluated within the scope of the HeartCycle study that took place at three hospitals in the United Kingdom, Germany, and Spain. The aim of this multicenter, observational study was to investigate whether the management of patients with HF can be enhanced by a third generation telehealth system. Target doses of medicines were based on European Society of Cardiology guidelines, modified for the individual patient by an experienced clinician if necessary, after taking into account blood pressure, serum potassium, and renal function. Details of the phases of the study have been published elsewhere 24 but are not relevant to this report on self-care adherence.
The inclusion and exclusion criteria are shown in Table 1 . Patients had been recently (,60 days) admitted for HF or were outpatients with persistent New York Heart Association (NYHA) III/IV symptoms. We did not formally screen for depression or cognitive dysfunction but as patients had to consent to participate in a relatively complex clinical study, patients with marked depression or obvious cognitive dysfunction will have been excluded. Moreover, patients were excluded from the study if in the investigators' opinion, they were unable to operate or comply with the telehealth system.
The protocol was reviewed and approved by the ethics committee of each participating center. All patients provided written voluntary informed consent.
Data collection, instruments
Self-care behavior was measured at baseline and study end with the 9-item European Heart Failure Self-care Behavior Scale (EHFScB-9), which is a reliable and valid scale to measure self-care behavior. 28, 29 The items are rated on a 5-point scale between 1 ("I completely agree") and 5 ("I completely disagree").
Adherence to the three daily tasks (measuring weight, measuring blood pressure, and reporting of breathlessness, and edema) was determined by analyzing a de-identified copy of the telehealth system database. If patients measured their weight (or blood pressure) more than once per day, only one of these measurements was counted. The symptom questionnaire could be answered only once per day. The official enrollment and closure dates were used to determine the start and end of the patient's monitoring period.
statistical methods
The EHFScB-9 scores at baseline and study end were analyzed at an item level using a paired Student's t-test. For each item, patients who answered "I completely agree" or "I agree" were considered adherent. 30 For each daily task, the objectively measured adherence was calculated as follows:
Adherence 100
Number of received data elements Number of ex = × p pected data elements
The number of expected data elements has been corrected for death, hospitalization, and other absence from home (eg, holidays). The overall adherence of all patients during the entire study was obtained by dividing the total number of received data elements (of all patients) by the total number Table 1 inclusion and exclusion criteria for the heartcycle study inclusion criteria • A clinical diagnosis of heart failure ο cause of heart failure may be for any reason other than those that are rapidly reversible (see exclusion criteria) ο May include patients with and without a low left ventricular ejection fraction or with valve disease • requiring treatment with at least 40 mg/day of furosemide or equivalent (1 mg of bumetanide or 10 mg of torasemide) • evidence of advanced or unstable disease ο Admission to hospital for or complicated by heart failure currently or within the previous 60 days ο Or outpatients with persistent nYhA iii/iV symptoms • An elevated nT-proBnP value (within the 3 months prior to enrollment) ο $1,000 pg/ml if in sinus rhythm, including atrio-biventricular pacing ο $2,000 pg/ml if not in sinus rhythm exclusion criteria • Unwilling to comply with the protocol. Patients should be willing and able to make daily measurements at home throughout Phase ii • Rapidly reversible causes of heart failure such as severe anemia (defined as the need for a blood transfusion), thyrotoxicosis, admission with rapid (.120 bpm) atrial fibrillation with good ventricular function • inability, in the investigators' opinion, to operate or comply with the telehealth system, even with available support from carers and health volunteers if available • Patients who are unable to communicate directly or indirectly in the local language (english in the United Kingdom, german in germany, and spanish in spain) cannot participate 
Results
Patients' characteristics
Of 123 patients enrolled (mean age 66±12 years, 79% men) ( Table 2) , most (66%) were in NYHA class III, indicating that they had marked limitation of physical activity.
Measured system usage
The patients were enrolled between January 2012 and March 2013. They were asked to use the system until the end of the study (June 30, 2013) . Hence, patients enrolled in January 2012 could use the system for 18 months, but those enrolled in March 2013 only for 4 months.
Of the 123 patients enrolled, three did not activate the system. The remaining 120 patients used the system for 9 months on average with a range of 2 to 18 months ( Figure 1 ) with a total system usage of 1,101 patient-months. Ninetyseven patients used the system until the end of the study, and 23 patients discontinued before the end of the study due to death, increasing debility, or loss of interest.
self-reported self-care behavior at baseline and study end Data from the 101 patients with paired data from the EHFScB-9 questionnaire at baseline and study end showed improved adherence of all self-care behaviors except for medication intake ( Figure 2 ). The relative increase of adherence was 31% for daily weighing, 14% for fluid restriction, 16% for low-salt diet, and 38% for physical activity but only 1% for medication intake.
Differences in responses at baseline and study end per individual patient are shown in Table 3 . For example, for daily weighing, 30 patients showed an adherence improvement from baseline to study end, the adherence of 61 patients remained the same, five patients showed a decline in adherence, and five patients gave an invalid answer at baseline or study end. All 61 patients who gave the same answer at baseline and study end for daily weighing, were adherent at both moments.
Measured adherence to daily tasks
The overall and the average adherence of measuring weight and blood pressure was about 90% (Table 4) . For daily reporting of symptoms, the overall and the average adherence was about 67%. The percentage of patients performing the daily task on $80% of the expected days was 88% for measuring weight, 85% for measuring blood pressure, and 50% for symptoms reporting.
For measuring weight, adherence was 100% in 582 (of the 1,101) patient-months and between 90% and 100% in a further 244 patient-months (Figure 3) . For symptoms reporting, adherence was 100% in 244 patient-months, but between 0% and 25% in 218 patient-months. Figure 4 shows the average adherence over time of the three daily tasks. For example, 120 patients used the system for at least 1 month. The average adherence of measuring weight and blood pressure in the first month was 90%. For symptoms reporting the average adherence in the first month was 70%. A total of 92 patients used the system for at least 6 months. The average adherence percentage for measuring weight and blood pressure in month 6 was still about 90% but for symptoms reporting at month 6 this had dropped slightly to 66%.
For measuring weight and blood pressure, adherence remained stable over time (Figures 5 and 6 ; the percentile details can be found in Table S1 ). For symptoms reporting, adherence was stable for 6 months with a median of about 93%, and then started to decline (Figure 7 ). After half a year, the variability for symptoms reporting became wider compared to both the variability in the preceding months and the variability for measuring weight and blood pressure. 
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hF self-care adherence in heartcycle Figure 1 The number of patients per number of months of system usage.
Figure 2
Percentage of adherent patients in the ehFscB-9 self-care behavior scale at baseline and study end (n=101). Notes: *P,0.05, **P,0.001. Abbreviation: ehFscB-9, 9-item european heart Failure self-care Behavior scale.
Discussion
For all self-care behaviors except medication intake, selfreported, and self-care behavior scores improved significantly from baseline to study end (n=101). We assume that the automated coaching was the likely mechanism for this improvement; proof of this assumption in a randomized trial is the logical next step. The results are promising, especially when taking into account that most patients already received substantial conventional education preceding enrollment in the HeartCycle study, and that self-reported adherence of daily weighing, fluid restriction, and low-salt diet was already high at baseline (72%, 77%, and 80%, respectively). Adherence to medication intake was very high in our study. This is in line with other studies that use self-report as a measure of medication adherence. Depending on the way of measurement, adherence levels for medication intake can vary between 10% and 98%. 10 More sensitive scales such as ProMAS 31 or medication event monitoring systems 32 may be used. The objectively measured adherence of weight and blood pressure measurements is very high. It is encouraging that of the 1,101 patient-months of system usage, about half showed an adherence of 100% for weight and blood pressure monitoring.
Adherence to symptoms monitoring was lower compared to monitoring of weight and blood pressure, and started to decline after half a year. We did not systematically investigate the reasons for this. However, feedback provided by the study nurses revealed that some patients did not see the point in answering the short questionnaire on breathlessness and edema every day, especially when the intensity of their symptoms had not changed. Another reason could be that our program did not emphasize the value of symptoms reporting sufficiently and that patients perceived that there was no benefit in making the effort. When measuring weight or blood pressure, the system gives immediate feedback by providing information that the patient does not know yet. However, when reporting on symptoms, the patient has to enter information that he or she already knows into the system, but does not receive feedback on this. Receiving (personalized) feedback is essential in changing health behavior. 33 For daily weighing self-reported adherence at study end (94%) is only slightly higher than the objectively measured adherence. It should be noted that we used a conservative approach to determine the objectively measured adherence. In particular, we used the official enrollment and closure dates to determine the start and end of the monitoring period. However, in practice some patients started a few days later, or stopped a few days earlier. Three of our 123 patients (2.4%) did not activate the system. This is a considerably lower proportion of non-participation than reported in previous studies; for example in the Tele-HF study 14.4% of the patients never used the telemonitoring system. 34 In our study, 66% of the patients were in NYHA class III and 34% in NYHA class II. Since daily monitoring of signs and symptoms allows for the early detection of deterioration, it can be expected that with this program patients in NYHA class IV would show similar adherence to signs and symptoms monitoring. For the other self-care behaviors, it can be expected that the effectiveness of our program for class IV patients depends on the behavior. For example, since NYHA class IV patients have severe limitations with physical activity and are mostly bedbound, it can be expected that for these patients it will be difficult to increase their physical activity level.
Only a few studies have used the EHFScB-9 to study the effect of telehealth interventions on self-care behavior. 20, 35, 36 Notes: ehFscB-9 scores range from 1 ("i completely agree") to 5 ("i completely disagree"). A patient shows an improvement for a behavior if the score at study end is lower than the score at baseline. A patient remains the same for a behavior if the score at study end equals the score at baseline, and remains adherent if the scores for a behavior at study end and at baseline both are 1 ("i completely agree") or 2 ("i agree"). Abbreviation: ehFscB-9, 9-item european heart Failure self-care Behavior scale. Two of these studies used the Motiva telehealth system offering vital signs monitoring, education, and motivational messages, but without the coaching program as described in this paper. The first study, with 214 patients and a mean follow-up of 288 days, found no differences in self-care behavior between the control group and the intervention group. 20 The RECAP study, in which 108 patients used the Motiva system during 42 days, found a significant difference between the EHFScB-9 total score at baseline and after 42 days. 35 For the individual items, significant differences were found for daily weighing, fluid restriction, and low-salt diet, but not for medication intake and physical activity. The TEHAF study investigated the effects of a telemonitoring system that offered dialogues and questions with variable emphasis on symptoms, knowledge, and behavior. 36 After 12 months, the total score of the intervention group had improved whereas the control group remained at the same level, which was a significant difference.
Figure 4
Average adherence over time for weight, blood pressure, and symptoms reporting. The numbers at the horizontal axis denote the number of patients who were using the system in that month. Since month M18 had only one patient, this month has been excluded from the figure. submit your manuscript | www.dovepress.com
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Several studies have reported on HF signs and symptoms monitoring adherence based on objective data collected by a telehealth system. Unfortunately, these studies use different adherence criteria. The TEMA-HF 1 study only reported overall adherence: 86% for measuring weight and 82% for measuring blood pressure on a daily basis. 37 In our study, these were 91% and 90%, respectively.
Most studies report an average adherence to a standard deviation (Table 5) . [38] [39] [40] [41] [42] For example, the TIM-HF study found an average adherence of 90.6% for blood pressure Figure 5 Box-and-whisker plot for measuring weight. Vertical axis shows adherence. horizontal axis shows the months and the number of patients who were using the system in that month. Month M18 has been excluded from the figure since only one patient was using the system for 18 months.
Figure 6
Box-and-whisker plot for measuring blood pressure. Vertical axis shows adherence. horizontal axis shows the months and the number of patients who were using the system in that month. Month M18 has been excluded from the figure since only one patient was using the system for 18 months.
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hF self-care adherence in heartcycle monitoring and 88.0% for symptoms reporting. 38 Another approach is to mention the percentage of patients monitoring signs or symptoms at least x% of the time. For example, in the CARME study 52.2% and 44.4% of the patients monitored weight and blood pressure respectively at least 80% of the time. 39 In both cases, the HeartCycle results are among the highest adherence percentages of measuring weight and blood pressure.
Four studies report on the combination of signs and symptoms monitoring. 34, 38, 43, 44 In the TEN-HMS study, where patients were asked to measure weight and blood pressure twice per day, 81% of the patients using the telehealth system had .80% adherence to at least one daily measurement (weight or blood pressure), and 55% had .80% adherence to twice daily measurements. 44 Worth mentioning is that in the Tele-HF study, by week 26 only 55% of the patients were still using the system at least three times per week (ie, 43% of the time). 34 The HeartCycle program is characterized by the fact that it provides automated coaching in the home context.
Figure 7
Box-and-whisker plot for symptoms reporting. Vertical axis shows adherence. horizontal axis shows the months and the number of patients who were using the system in that month. Month M18 has been excluded from the figure since only one patient was using the system for 18 months. 43 The value 43** is based on at least three calls a week (a cutoff point representing approximately half the expected usage). Patients receive not only education about self-care behaviors, but also explicit support in adopting these behaviors. Furthermore, the HeartCycle program takes into account the dynamics of health behavior change by specifically addressing relapse. Patients who have relapsed are offered the opportunity to do the coaching program again.
So far, remarkably few programs offering automated coaching of HF self-care behaviors have been developed. We believe only one other study (CHF-CePPORT) designs and evaluates an e-platform for behavioral counseling and education to facilitate long-term adherence to self-care among patients with HF. 45 Similar to our program, it is based on motivational interviewing and cognitive-behavioral therapy.
study limitations
This study has several limitations. HeartCycle was primarily designed to develop a novel telehealth system in collaboration with patients and a multi-disciplinary team of engineers and clinicians rather than to run a large randomized controlled trial. Development and evaluation of the education and coaching program was not the only objective of the study but this was also considered an iterative learning process followed by a pilot concept observational study that did not have a control group. Ideally, a control group receiving usual education on self-care should be compared with a group receiving only online education, and a group receiving both online education and coaching. The sample size for the HeartCycle study was calculated based on the number of patients required for one of the study phases. 24 Using three groups would require additional participants, which was beyond the available budget.
Second, this study did not assess whether the observed improvement in self-care adherence translated into improved outcome. This would require a larger randomized controlled trial.
Another limitation is that the patients were in the study for varying lengths of time. In particular, the time between the EHFScB-9 assessments at baseline and study end varied between 3 and 18 months.
Conclusion
Self-reported self-care behavior scores improved significantly from baseline to study end. Objectively measured adherence of daily weight and blood pressure measurements was very high and remained stable over time. Adherence to daily reporting of symptoms was lower and declined in the long-term.
The findings demonstrate that an automated education and coaching program, which is more scalable than human coaching, can be effective in improving self-care. A suggested next step is to compare this program with a control group receiving usual self-care education and a group receiving online education only, and to study the effect on clinical outcomes.
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